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SUMMARY

Testshavebeenmadeof a hydraulic-power-controlledhelicopterto
determinetheeffectof frictionintheservovalvessndtheeffectof
stick-frictionwhenthevalvefrictionispresent.

Thetestsshowedthat,whenthevalvefrictionisequivalentto
aboutl;poundsof forceatthestick,Irecisionflyingisdifficultand

moreworkisrequiredofthepilot.Controlqualityisimprovedby
addingan amountof stickfrictionthatisequalto thevalvefriction.
Thetotalofthetwofrictions,however,shouldnotexceed3 powmh.
Thelowestvalve-frictionvaluetestedwas~ PO’LU@andthepilotscon-
sideredtheeffecttobe negligibleandthereforeconsideredanystick
frictiontobe unnecessary.Thepilotsbelievedthatthesystemwas—

markedlyimprovedwhenthevalvefrictionwasreducedfrom1.

; pound.Theadditionoffeeldevicesresultedinan overall

mentinthecontrolsystemsandwas,therefore,consideredto
desirable.

INTRODUCTION

poundsto

improve-

be very

Previousflighttests(ref.1)madeby theNationslAdvisory
CommitteeforAeronauticsonpower-controlledairplaneshaveshownthat
relativelysmallamountsof frictionintheservovalvecanreducethe
overallcontrolqpalityto suchan extentthatprecisionflyingis
extremelydifficultor hpossible.ThetestssJ_soshowedthatasthe
valvefrictionwaaincressedthecontrolqualitydeterioratedto the
pointatwhichpilot-inducedoscillationsresulted.A similarstudy
(ref.2) oftheseeffectshasbeencarriedoutby usinga dynsmicground
simulator}andtheresultsegreedwiththeflighttests.
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Itwasbelievedthatvalvefrictionwouldproducesimilarundesir-
ableeffectsinpower-controlledhelicopterssndforthisreasonsome
verylimitedtestsweremade. Also,previousgroundsimulatortests
(ref.2)haveshownthatstickfrictioncanbebeneficialwhenvalve
frictionispresent.Theadjustablestick-frictiondeviceinthetest
helicopterpresentedemo~ortunityto checkinflighttheresults
obtainedfromtheshulatortests.Thepurposeofthispaperisto
presenttheresultsofthesetests.

EXPIANM710NOFVALWE-FRICTIONEFFECT

Theeffectoffrictionintheservovalveofa hydrwulfc-power
controlunitisvastlydifferentfromtheeffectoffrictionthatexists
ina conventionalcableorpush-rodcontrolsystem.Staticfrictionin
a mechanicalsystemrequiresa forcesufficientlykrge tobreskthrough
thefrictionbeforemotionoccurs(breakout)andtendstopreventmotion
ofthecontrolsurfaceat alltimes.Valvefrictionalsoprovidesa
breakoutforceandtendstopreventmotioninitially,butoncethevalve
frictionisovercomethebreakoutdisappearsandthefrictiontendsto
holdtheservovalveopenandkeepthesurfacemoving.Consider,for
example,thecontrolsystemshowninfigure1. Whena pullforce,suf-
ficientlylsrgeto overcomethefriction,isappliedtothecontrol
stick,thevalvestemmovesup withrespectto thepistonrod. This
valvemotionallowsfluidto flowintothecylinderat a ratepropor-
tionaltothevalveopeningandtherebymovesthepistonrodupwith
respectto thevalvestem. Thus,thepiston-rodmotionclosesthevalve
by reestablishingtheoriginalrelativepositionofthevalvestemand
pistonrod. If,however,frictionexistsbetweenthevalvestemand
pistonrod,thepiston-rodmotiontendsto dragthevalvestemandcon-
trolstickinthecorrespondingdirections.Thisfrictionpreventsthe
valvefromclosingandcausesan overshootinthepositionoftheele-
mentbeingcontrolled.Jhorderto stopthesurface,whenvalvefric-
tionispresent,thepilot,therefore,hasto applyan oppositeforce
onthestickthatissufficientlyLargetoresistthedraggingforce,
andthenthepiston-rodmotionwillclosethevalve.Ifthepilot
attemptsto controlthemotion,hisforcewillbe outofphasewiththe
surfacemotion.Ifhe doesnotattemptto stopthemot+onbyapplying
thereverseforce,thesurfacewillovershootthedesiredposition.
Theseverityoftheseeffectsis,of course,proportionaltotheamount
offrictionexistinginthevalve.

.

w“

It is importanttorecognizethattheseeffects=e notrestricted
to airplanesbutapplyto anypower-controlledmachine.Unquestionably,
therelativelyhighresponseandlowdampingexhibitedbypresent-day

.

helicoptersmagnifytheendresultsoftheseeffects;however,thevalve
c
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. frictionalonecanresulth poorcontrolandincreasedworkrequired
ofthepilot.

&

Duringthedevelopmentofpowercontrolsystems,several.devices
andschemeshavebeenemployedinaircrdtto counteractor obscure
thesefrictioneffects.Anmngthesearevalvecenteringsprings,static
frictionbetweenthecontrolstickandservovalve,andhigh-frequency
vibrationonthevalve.Allofthesehavebeengroundtestedinregsrd
to airp~e controlsandsxereportedinreferences1, 2, and3, respec-
tively.Thetestsshuwedthatalloftheseschemesarebeneficialto
controlquilitywhenvalvefrictionispresent.It shouldbenotedthat
valvecenteringspringsandstickfrictioneliminatethe“motoring”but
increasetheinitialbreakoutforce.Thevibratoristheonlydevice
testedthatsuccessfullyeliminatesallobjectionsto valvefriction.

AEPARATUSANDTESTS

Thetesthelicopterwasa dual-place.single-rotormachinethatwas
designedoriginallytobe manuallycontrolled.Thehelicoptermanufac-
turerissuedmodificationkitsto convertthelongitudinalandlateral
controlsto fullypoweredsystems.Thepowercontrolsystemsconsisted

* ofhydraulicslidevalveslocatedinsidethepistonrodsofthehydrau-
licactuators.(Seeflg.1.) Thepowerunitswereinstalledin sucha

% waythatthevalvebody(pistonrod)servedasthefollowupsystem;
thereby,theneedofa sepsratefolkwuprodwaselimma“ ted. TheBys-
temswerepoweredbyenengine-drivenpumpwhichdelivered~0 pounds
persquareinchofpressureto theunits.Msnualreversioncouldbe
selectedat anytimeby thepilotthrougha cockpitcontrol.

Thepowercontrolsystemswereinstalledanditwasnoticedduring
thenormalpreflightchecksthatthesystemsexhibitedcharacteristics
thatarepeculiarto frictionintheservovalve.Thebreskoutforcewas
noticeable~butoncethebreakoutwasexceededtheforcedisappearedand
thestickmotioncontinuedto fulltravel.In orderto stopthemotion,
a forceequalbutoppositeto theinitialbreakoutwasrequired.The
breakoutforcewasmeasuredineachdirectionforboththelongitudinal
andthelateralcontrolsandwasfoundtobe about2$poundsintermsof
stickforcein eachsystem.(Allfollo@ngfrictionandbreakoutforces
arequotedintermsof sttckforce.)tiviewofthelaysystempres-
suresinvolved,thisvalueseemedabnormallyhightobe causedby the
internalsealsinthevalve.Themechanicsthereforeinspectedthe
installationandfoundthatextremelysmallmisalinementsinthelink-

+ egesweretendingtobindthevalvestem. Thisbindingresultedin
increasedvalvefriction.Theinstallationswerereworkedandbetter
alinementwasachieved.Thisrealinementreducedthevalvefrictionto

*
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about13poundsof stickforce,
F

whichwasstilllargeintermsofpresent- ●

daypower-controldesign.Itshouldbe noticedthatno feelspringswere
providedinthechangekitsforthesesystems;therefore,theonlyforces u
requiredofthepilottomovethecontrolswerethosenecessaryto oper-
atetheservovslves.

Oneflightwasmadewith1:poundsofvalvefrictionandno feel

springs.Duringtheflight,l?poundsof stickfrictionwereaddedat

varioustimes.Thehelicopterwasflownbothbyan ~eriencedpilot
andby a “nonpilot”asa crudemeansofdeterminingtheimportanceof
pilotskillwhenvalvefrictionispresent.Thenonpilotwasan engi-
neerwithno flightexperiencebutwithconsiderableexperienceincon-
trollingsimulators.

Theoriginalpoweractuatorswerethenreplacedwithnewonessince
thefrictionwasconsideredtobe abnormallyhigh. Afterthenewactua-
torswereinstalled,groundmeasurementsshowedthatthevalvefriction
wasabout~ poundintermsof stickforce.4 No effortwasmadeto deter-

mineifthefrictionreductionwasa resultofbettervalvesinthe
replacementactuatorsorbetteralinementofthelinkageswhenthenew
actuatorswereinstalled.Whenthenewactuatorswereinstalled,feel
springs,obtainedforthisparticulartestinstallationfromthemanu-
facturer,werealsoinstalledwhichprovidedforcewithdeflection.
Thezero-forcepositionofthestickcouldbe controlledby thepilot
sothatthesystemcotidbe trimmedforanyflightcondition.Also,
thepilotcould,ineffect,disconnectthefeelspringsby a cockpit
control.Anotherflightwasmadewiththesamepilotandnonpilot,
andtheresultswerecomparedwiththoseoftheprevioussystems.The
helicopterwasflownwith~ poundofvalvefrictionwithandwithout

thefeelspringsandwithveriousamountsof stickfriction.

Duringtheflight,thebreakoutforcesweremeasuredbothwithand
withoutthefeelsprings.Withoutthefeelsprings,thebreakoutwas
~ poundineach

ontheground.

breakout,which

directionofbothcontrols,orthesame- wasmeasured

Measurementswiththefeelspringsshowed~poundof

indicatesthatthefeelspringswerepreloaded”~pound.

No tistrumentatlonwasinstalledfortheseflightssincethetests
wereof a qualitativenature,anditwasbelievedthatthepilot’sopin-
ionwouldprovideadequateinformationwithwhichto Judgethesystems. .

b
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DISCUSSIONOFREH%lX5

Inthefirstflight,inwhichthevalvefrictionwas1 poundsandt
nofeelspringswereused,theexperiencedpilotcouldcontrolthemove-
mentsofthemachineverywellinalltypesofflight.Infact,Judging
by theoverallperformancesnddeviationsfromtheintentionalflight
path,no difficultieswereperceptible;hdwever,inorderto accomplish
this,continuousstickmotionwasnecesscu?yandthepilotconmentedthat
theforcereversalduetothevalvefrictionwasobjectionable.It
shouldbe pointedoutherethatthepilothashad~erience inhandling
controlsystemsinvolvingvalvefrictionandhadbecomeskilledin con-
trollingforthefrictioneffects.

Whenl~poundsof stickfrictionwereintroduced,no appreciable

improvementincontrollabilitycouldbenoticed;however,thepilot
remarkedthattheundesirableforcereversalwaselhinated.Thestick
frictionalsoreducedtheamountof stick“jockeying”andrestoredthe
pilot’sfeelingof confidencein controlXngthehelicopter.Thepilot,
however,objectedto the~ poundsofbreakoutforceonthebasisof
theworkinvlovedinmakingsmallcorrections.

Thenonpilotflewthemachinewiththesamecontrolsystemsthat
wereusedby thepilot.Aswouldbe expected,theresultswerevery
different.Thevalve-frictioneffectwasfarmorenoticeablewiththe
nonpilot.Notonlydidthehelicoptertendto oscillateinalldirec-
tionsbutthenonpilotwasveryconsciousofnothavingcontrolover
themachine.Addingstickfrictiontothesystemimprovedthecontrol,
notnecessarilyfromthestsmdpointofprecisecontrolbutverydefi-
nitelyfroma psychologicalstandpoint,inthatcontrolconfidencewas
restored.Thenonpilotbelievedthatthehighbreakoutforceswere
themainreasonforno improvementinprecisecontrol.

Thereplacementactuatorssadtrimmshlefeeldeviceswerethen
installedandanotherflightwasmade. Thetotalbreakoutforceswith
thefeeldevicesconnectedwereabout~ poundwhichresultedfrom~pound

1

ofvalvefrictionand~ undofpreloadinthefeelsprings.~Po Again,
theexperiencedpilotdetectedno differencesinthebehaviorofthe
machinefrompastflights,andthe~ poundofvalvefrictionwashardly
noticeable.Thepilotbelievedthattheforceswithstickdeflection
providedbythefeelspringswereverydesirable.Inthepilot’sopin-
ionthissystemwasfsrsuperiorinallrespectsto anyofthesystems
previouslydiscussed.Somestickfrictionwasaddedto thesystembut
thepilotbe13evedthat,sincethevalve-frictioneffectwasnotobjec-
tionable,thestickfrictiondidnotaddtothequalityof controland
theincreasedbreakoutdueto addingstickfrictionwasundesirable.
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Thenonpilot’sopinion
terns.Themainimprovement
intheprecisionwithwhich
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paralleledthepilot’sopinionofthesys-
noticedby thenonpilotwasalsoreflected
themachinecouldbecontrolled.Theabil-

ityto=ontrolthehelicopterpreciselywasimprovedsincethenonpilot
hadconfidenceinhoveringandwassuccessful.Withalloftheother
systemspreviouslydiscussed,thedegreeof successfulhoveringvsried
fromonlyfatitopracticallyimpossible.Thehprovementisattributed
notonlytothelargereductioninvalvefrictionbutalsotothefact
thatthelowvalvefrictioneliminatedtheneedforstickfrictionand
madethetotalbreakoutforceonly~ pound.

.

4

Theselimitedtestssubstantiatethegroundsimulatortestsof
.

reference2. Thegroundtestsshowedthat1$poundsofvalvefriction

wereundesirablebutsomeimprovementcouldbe gainedthroughtheaddi-
tionof l~poundsof sti~ frictionifno flexibilityorbacklashexisted
betweenthestickandthevalve.Inthetesthelicopter,thestickwas
connectedtothevalvesby meansofpushrodsandtheflexibilitywas
therebyeliminated.Backlashinthesystemswasnegligiblebecausethe
valvesandstickwereverycloseandrequiredonlya fewconnections.
Thegroundtestsalsoshowedthattheeffectofaboutk poundofvalve
frictionwasnotsufficientlylsrgetobe objectionabletothepilots.
Also,thecommentsregsrdingtotalbreakoutforcewereinagreement
betweenthetwotypesoftests.Thebreakoutshouldnotexceed3 pounds,
butthegroundtestsalsoindicatedthatcontrolqualityimprovedasthe
breakoutwasreducedto a lowerlimitof~ pound.

?

CONCLUDINGREMARKS

Frictionintheservovalveofpower-controlledhelicopterscan
affectthecontrolquality.lZrictionvaluesof aboutl?poundsmake

precisionflyingdifficultsmdrequiremoreworkofthepilot.Even
thoughhigherfrictionvalueswerenotstudiedinthepresenttests,
it isstronglysuspectedthathighervaluescanleadtopilot-induced
oscillations.

Whenthevalvefrictionissufficientlylargetobe objectionable

(
to thepilot above~pound~,someimprovementcanbegainedbytheuse .—

. ,
ofu equalamountof stickfriction.Thetotalbreakoutforce,how-
ever,shouldnotexceed3 pounds.Itshouldbe re=bered thatthe

.

controlqualityimprovesasthebreskoutisdecreased;therefore}every
effortshouldbe madetoreducethevalvefrictionasmuchaspossible *
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and,thereby,to allowan equalreductioninthenecesssrystickfric-
tionortheelhinationof stickfrictionentirelywhenthevalvefric-
tionisabout~ poundorless.

Thepilotsconsideredthetrimablefeelspringstobe verydesir-
ableto thecontrolcharacteristicsandto contributegreatlytothe
overallqualityandconfidenceof control.

LangleyAeronautical-Laboratory,
NationalAdvisoryCommitteeforAeronautics,

LsmgleyField,Vs.,Wch 7, 19’37.
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Figwe 1.- Schematic drawing of lmgltudinal powercontrolsystem.


